The study focuses on the monitoring of physicochemical parameters and major chemical elements of six springs and wells during two seasons. Waters from the coastal karst aquifer Massif Bokkoya Al-Hoceima were analyzed for their chemical quality, and their state of anthropogenic and/or natural contamination was quantified. The waters are highly mineralized and marked by a chloride-sodium or sodium-sulfate facies mainly linked to a process of marine intrusion and dissolution of evaporitic minerals included in the on-site rocks. This mineralization of marine origin is partly due to the intensive exploitation of groundwater but also to landslides in relationship with earthquakes, that are known in the area, and which accelerate the phenomenon of saltwater intrusion. The salinity shows levels C3 and C4 in a Wilcox diagram and waters were qualified as very hard. The comparison with quality standards shows that most of the water is not suitable for consumption, especially because of high levels of electrical conductivity (EC), total dissolved solids (TDS), and Cl À related to marine intrusion, together with the urban pollution factor which increases the content of NO À 3 .
INTRODUCTION
Coastal areas are defined as land areas whose environment, climate, and economy are strongly influenced by their proximity to the sea. They attract people both for their temperate climate and their quality of life, suitable for economic development. Over 60% of the world's population lives in these coastal areas (Tuthill & Calabrese ) . However, these areas are at risk of water shortage, due to saltwater intrusion into groundwater reservoirs, often as a result of a strong exploitation of the underground resource.
Most residents of the Al Hoceima region prefer to consume water from springs and wells, which do not have the taste of chlorine used for treatment of tap water. However, the population ignores the quality of spring water and its potential deterioration by chemical and microbiological pollutants. The water springs and wells are easily subject to natural or anthropogenic contamination, especially in karst areas where transfer velocities and infiltration are high. The intrusion of saltwater into aquifers is a phenomenon studied around the world, especially in the context of over-exploitation of coastal aquifers. In recent years, the process of intrusion in coastal karst aquifers has been better investigated by tracking changes in water quality. Many countries around the Mediterranean basin are affected by this risk, including Italy, Greece, Turkey, Croatia, and Spain, among others.
The central Rif is characterized by frequent landslides (Kortatsi ) . Especially in 1994 and 2004, the region experienced two major earthquakes which resulted in a marked increase in spring water flow. The presence of faults caused by ground movements may also increase the salinity intrusion process. Earthquakes may also damage groundwater reservoirs, whose quality can be altered by a pressure increase in confined aquifers that may result in a decreasing of dissolved oxygen changing redox condition causing the mobilization of some ions potentially harmful to health.
The limestone mountain chains play an important role in the water cycle of the Rif area. Their relatively large size, their position between low permeability series, the important local precipitations, their altitude, their karstification are all favorable to the large amounts of water storage which are available at the surface with only a limited delay. These conditions favor perennial streams, scarce in the Rif, and allow a water supply to rivers that cross the limestone in summer, and corresponding alluvial groundwater reservoirs (Hossien ).
Coastal heterogeneous aquifers and, in particular, coastal karst limestone aquifers are broadly divided into a porous or finely cracked matrix cut by open fractures or karst conduits created by tectonics and carbonates' dissolution (Arfib ) . The hydrodynamic of these systems is dual, in conduits and in the host matrix. The water ideally flows in ducts, at high velocity. and is usually a non-Darcian flow. It is turbulent and occasionally exits at the surface or as an underwater spring (Mangin ) . This duality of flows influences saline intrusion, which is disturbed by the flow in the conduits and can have a very heterogeneous spatial distribution (Arfib ) . This work aims to characterize the geochemistry of localized springs in the Massif Bokkoya (Al-Hoceima) by analysis of major elements to evaluate the origin of the residual salinity.
ENVIRONMENTAL GEOLOGICAL AND HYDROGEOLOGICAL DATA
The study area is located in the Massif Bokkoya, in the eastern part of the Rif in northeastern W N;
3.85-4.00 W W). The limestone mountain chain of the Rif is one of the major mountainous areas in Morocco, characterized by cracks' porosity developing important karstification.
It covers an area of about 1,100 km 2 , from the region of were determined by colorimetric assay using a spectrophotometer (UV/Vis). Measurements of potassium, sodium, and lithium were performed using a Sherwood
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Model 420 Dual Channel Flame Photometer.
RESULTS AND DISCUSSION
For all the samples, the ion balance was checked to be less than 10% (Table 1) . Electrical conductivity (EC) was higher (>1,800 μS/cm) for E2, E3, E5, and E6. We can see that the conductivity varies between the wet and dry seasons, certainly consistently with the flow, the higher variation is observed for the E3 source (about 20%). The pH remains relatively constant between 7.1 and 7.9. Temperatures are mild in Water classification according to mineralization depends on the content of the solid residue after evaporation of the water at 105 W C. We note that mineralization is low for E4 (E4 < 500 mg/L), moderate for E1 (900 < E1 < 1,500 mg/L) and higher for E2, E3, and E5 (>1,500 mg/L).
TDS values for most samples exceed the recommended value by the WHO (TDS > 1,000 mg/L).
The low mineralization observed in E4 is probably due to its shallow depth (15 m) from where the vertical transfer is faster, the recharge taking place by direct infiltration.
Comparison of TDS between the two seasons shows a general increase or stable value in the dry season (E2, E3, E4, and E5). The difference is greater for springs E1 and The shape of the sample curves E2, E5, and E6, located at low altitude, imply the presence of sea water contamination in these springs, but with a high dilution factor.
The total water hardness (TH) expressed in mg of The value of absorbable sodium (SAR) provides information on the exchange of calcium ions base by sodium ions (Figure 4 ). This parameter is significant for water E4 water belongs to the C2S1 class, having very low salinity and a low risk of alkalizing. This means that water quality is consistently good with low mineral content. E1 and E5 waters belong to C3S1 and C3S2 classes; they are poor quality water with medium to high salinity and an alkalizing risk of low to medium. E3 and E2 waters belong to C3S2 and C4S2 classes, with poor quality and highly mineralized water, characterized by a salinity ranging from high to very high, and a medium alkalizing risk.
The difference in salinity between dry and wet seasons is low, except for E3, the most mineralized springs showing a high variability related to sea water contamination in the karst conduits linked to seasonality, the rains enhancing the flow of fresh water. This is consistent with other studies of coastal brackish springs in karst during floods which have identified three processes: the drain conduit karst, the dilution with fresh water, and the regulation of intrusion sea water into the pipe via the increase or decrease of load (Capaccioni et al. ) .
To make assumptions about the mineralization origin of the springs, a first approach is to present the relationships between key major elements related to saline intrusion (Na þ , Cl À ) and total solid residue (TDS) ( Figure 5 ).
In general, the amount of NaCl in a coastal karstic aquifer does not exceed 2 g/L (Andrieux ). The importance of halite in TDS shows the salt contribution from marine origin in mineralization of water.
For the E6 spring, located at low altitude (17 m) and close to the coast, the proximity of the sea may induce high concentrations of Na þ and Cl À in the local recharge due to sea spray atmospheric deposition. Increased levels of NaCl can also be caused by overuse of the aquifers, lowering the groundwater level and locally promoting a mixture between fresh and sea water.
CONCLUSION
The hydrochemical study of coastal groundwater in the heavily exploited karst of the Bokkoya area and its extension, showed the mineralization of water depends on several key factors: the dissolution of minerals from the geological formations in place, the ion exchange in water-clay interaction, and the contribution of sea water intrusion into the aquifer. The latter process can be accented by earthquakes to which the region is subject.
The dominant hydrochemical facies is a chloridesodium type indicating the contribution of marine waters' contamination and evaporite dissolution, to freshwater salinization.
The different waters studied show a high hardness, a consequence of the dissolution of calcite and gypsum from geological formations defining the aquifer. For spring E3, high hardness is related primarily to saline intrusion.
However, the salinity level in the study area is hetero- There was also a significant anthropogenic contribution regarding the E3 and E6 waters with high nitrate concentration highlighting the vulnerability of this geological karst formation to anthropogenic contamination from the surface.
